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perature and wind fields, we shall assume that the observations- where Ri :91
are indicative of.local turbulence.

Thus given this condition for turbulence (Ri _ 1), let us now consider the
turbulent epergy balance equation, Which may be expressed as

-;e1 K/K, = (1 - a Ri) (aUlaZ)2 (2)

where e is the rate of viscous dissipation of turbulent kinetic energy, Kn,-is
the coefficient of turbulent momentumn transfer, Kh is the coefficient of turbulent
hetatransfcr, and a = Kj/Kn, assumed unity here.

Utilizing the Heisenberg [2] relation for K, and assuming an "inertial"
sub-range ove the turbulent, energy spectrum, an expression for 8, valid
within unccrta'inties of 2, may be derived usingone.dinicnsional theory,

, • 0.250 12 [(1 - ]?) (aUjaZ)2j312 (3)

-wihere I is the large scale end.of the "inertial"' 'Sicctruii. To limit-the-eddy
wavdeliigh ito Values smaller than the Wavelengths of the wind slhear, we
shall use a scale size I of 500 in as tie value of this-large scale limit. This will
give a wavelength -of 3.14 kin, which foi'- the most, part is small compared-
with the wind system vertical wavelengths of 5-20 kmi usually reported.
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The Measurement• ofAtmospheric Stability from 30 to -,90 kmi %1 '

Fixing the large scale limit can, introduce some error in the determination
-of E, since by theory (Eq. (3)),e and 1 are closely coupled. Kowcvei,,this method
allows Kh, which is not calculated here, to vary as the rate of dissipation and
tios, within the limit of this scale size, affords a more self-consistent deter.
S ruination of tý than would -be accomplished'by predetermining Kfj: a rational
procedure which would lead to serious inconsistencies due to the aforementioned

*'interrelationship of e, Kh and'l. The errors generated by holding 1 constant -

would'be to overtstimate e in regions of high sliear, and thus lower Richardson
numbcrsi And to underestimate e in the region oflRi near unity, or low shear region.
The~ooeurrenee average of e nnd Ri, to be given later, slould be considered
conservatively because of the small-data sample.

-Q. Results

L - - M•turphy et al. [3] used eight yearsof wind and temperature data (1959-1967), ,} -

'as'cdetrmined~fronvgrenade -datiVE4] -iiifthei -aii-Msf 4buýbddai~ of Ii
errors, particularly at the uppermost data point in the-years up to 1960, the
results of the analysis are open to.some qiuestioný We sliall limit this analysis
to the years, 1965, 1966-and 1967; even so, the general points raised in the "
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eight-year Analysis are repeated in this three-yeay-aralysis. The winter northern .< -
(60* N•) mecsoophere,showsý,& more intense turbulence than does the summer

S~~~northern mes•osphere (Fig. 1)<, zd -the summer -data are somewhat sporadic in " .
the occurrence of~turbulence above 80 kin, whilA, the winter data show turbulence

.• as r 'igpresent 400 %,of the time at some, altitude above 75 kmn. The mid.
latitude -data, (38O N),(Fig, 2'), show little turbulence for the •years 1965 and
1966, but -more frequent occurrences for&,1967, and, as an overall average, ',
approximately two,thirds 0fPall data have some turbulence above 80 kin. Tile
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x" '. •~th occurenc oflda t, urbuenelil aboel80 kin, whihle the\ winter data showe trbu~lenceli
D coi'r~~s esingldtoI presen t'100% ofther timnfeda som atitud above 7hkm. reuts e mid.ll

lafie6titude tdathe '(ig 2). showtlitl lturblen for the 0e9rio196< and
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approximatoly twthis rdsio of tall'data have lcs iolne turulne aboveh 80, km.' Th~es
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curves is theo sain us Fig. I.

equ~atorial region (50 S) shows fatirly intense turbulence, present most. of the
time." Thle region, ait or slightly aibove the strtiltpause (Figsi. 1, .)2 and 3) shiows
sections of marginal'stabilit or even tublne(Hi < 1, and( occasional
C:lT1/4), nd a theoretically (leinonsirated b'y Hines [Ii], theise regionsi mny

core~pndto at critical layer, signified by li•1/4, which results inl finll,...
fication Of the b)ackgroundl windl systemn. Alternatively if tile condition RJi-•ý I
signifies it turbulent region, itflhypothesized hlere, the radliation of short. internal
wva~es fromn this region of turbulence arises from-, the growth of' wate inodes
in tile intel-actions iuniong the -turbullent, compll~oents as noted by Phillips [0I].

- 'in either event, it. is p~ossible that.. theso stratosphecriec regions (Ri 5 1) are
'ia source of wave genenition or amplification whichi j)opagate through tile
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of the tmuan heating rate, also shown in Fig. 4. 5 and 6. Anotherw i•ator to
consider in removing these values is the low size of the data sample,. where
a single value of o r 10. in a 4ample of 1 i would overwhelm the mont, }tatit-

ically significant sample for E - 105 ergs g- so"', It' is quite apparent 041at
the aveerage wint-r nortbern l('stOsphere has a rate of heating which is
equivalent to or higher than that caleulated from the subsidence ond re(•,m.
bination of atomic oxygen, and that of Johrso.in and Gottli.b {71 who e.io
eulated a heat source due to the meridkonal wind dlistribution %ihhlh %In
required to balance the lack of symmetry in the solar heat input for isie
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The MLeasuremn' of Atmospheric Stability froir. 3Ai to W0 km 621

t'O~iditiof, and whieiv woul( thlen provide the e. essary to nainlain
the warm polar )te ~i.ere. The mid-latitude hIating rate it obviously much
howei tliun that of4 th, northern latitudes m) equatorial region, and is approxi-
mateqy of the rme amplitude for the yeakrly average as that determined hy
Zimmerman and Rosenberg [8] from wind trail analy is at approximately 95 kmi.,
The eqjuatorial region also indieatem large heating rates, similar to thorc of the
northern lathitde,
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3. Sumniwary

This4 study shows the atmosphere above 801 k~i is 'Asually turbulent, with
the oteurrence of turbulence, at the moment. as some non-pre-dictive function
of latitude andi season. The average heating of the atmosphere by the turbulent
flow system is of the order of or greater than the heating dlue to euv an(1 Schu-
mann-Runge energy albsttqition, andl apparently compensates for the lack -A
symmitetry in tht solar heating input at solstice conlditionsl.

The region around th( stratopiumsi shows conditions whieh ace sporadically
favorab~le for wind systemt ampnifiv~at ion; however, many mlore comparisons
of, these dlata with it inospherme. 11'?tMosplieric meamlurein('nts and ana lysis mulst

SIN silfrt4rnmtt to aseertainl thIis poissiblet infl uen(ce.
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